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® A ceramic card assembly which provides high 
density three dimensional semiconductor device 
packaging and overcomes the power distribution and 
thermal management problems that have impaired 
prior ceramic cards. The ceramic card assembly 
combines ceramic cards with flexible power distribu- 
tion structures which provide low inductance and tow 
resistance power distribution, making ceramic cards 
available for for high performance VLSI systems. 
Each ceramic card assembly comprises a ceramic 
card having a plurality of chip sites arKJ power con- 
tacts ihereon, and at least one flexible power dis- 
tribution structure having alternating insulation (i.e. 
polyimide) layers and conductor (i.e.. copper) layers, 
the flexible power distribution structures are moun- 
ted adjacent to the ceramic cards so that conductive 
layers of the ceramic cards are selectively exposed 
to the power contacts. The ceramic card assemblies 
are preferably combined into a field replaceable unit 
that includes cold plates between ceramic cards. 
High density packages further include ceramic in 



line packages which quadruple current day memory 
density. 
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© Ceramic card assembly having enhanced power distribution and cooling. 



© A ceramic card assembly which provides high 
^density three dimensional semiconductor device 
^ packaging and overcomes the power distribution and 
^thermal management (Koblems that have impaired 
prior ceramic cards. The ceramic card assembly 
^ combines ceramic cards with flexible power dislribu- 
tion structures which provide low inductance and k>w 
CD resistance power distribution, makirtg ceramic cards 
^available for for high performance VLSI systems. 
QEach ceramic card assembly comprises a ceramic 
^card having a plurality of Chip sites and power corv 
Qj tacts thereon, and at least one flexible power dis- 
tribution structure having alternating insulation (i.e. 
polyimide) layers and conductor (i.e.. copper) layers. 



the flexible power distribution structures are moun- 
ted adjacent to the ceramic cards so that conductive 
layers of the ceramic cards are selectively exposed 
to the power contacts. The ceramic card assemblies 
are preferably combined into a riekl replaceable unit 
that irKludes cok5 plates between ceramic cards. 
High density packages further irKtude ceramic in 
line packages which quadruple current day memory 
density. 
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CERAMIC CARD ASSEMBLY HAVING ENHANCED POWER DISTRIBUTION AND COOLING 



As VLSI circuits become more dense, there is 
a need m the an to have semiconductor packaging 
structures that can take full advantage of the den* 
sity and speed of state of the art VLSI devices. 
Present day modules made of ceramic, typically 
mullilayered ceramic modules, are normally moun- 
ted onto cards or boards, which cards or boards 
combine together to form the Central Processing 
Unit (CPU) of a computer. The multilayered ce- 
ramic (MLC) modules typically have VLSI chips 
mounted on the lop surface and typically have pins 
on the bottom surface thereof even though there 
are multilayer ceramic modules which have alter- 
native mounting means such as solder bumps. The 
packaging scheme with modules on cards or 
boards substantially occupies two dimensions in 
space with VLSI chips, namely the X and Y Carte- 

^ sian coordinates of the lop surface of the MLC 
modules. The third dimension, the Z Cartesian co- 
ordinate, is not utilized. A packaging concept that 

• would utilize this third dimension and therefore 
increase packaging density as well as machine 
speed is the edge connected ceramic card. The 
ceramic card with an edge connector provides the 
capability lor denser packaging for primarily two 
reasons. First, the X. Y. and Z directions are oc- 
cupied with VLSI devices, thus creating three di- 
mensional packaging: and second because chips 
can be mounted directly to the ceramic card, elimi- 
nating a level of packaging (namely the MLC mod- 
ule). The ceramic cards are edge connected into 
the next level of packaging, typically a board. Ce- 
ramic cards for use in high density applications are 
described in an article entitled. 'A Ceramic Card 
Concept* by Dorler et aL published April 1982 by 
the IEEE. 

Using an edge connected ceramic card, chips 
may also be mounted on Ixjth sides of the card 
further increasing density. Thus double sided chip 
mounting, elimination of a level of packagirrg. arn) 
three dimensional packagir^g by taking advantage 
of the X and Y dimensions of the mother board 
plus the Z dimension between the mother board 
and adjacent structure have theoretically made ce- 
ramic cards a very positive alternative to standard 
two dimensional multilayer ceramic packaging. Urv 
til the time of the present invention, ceramic cards 
have not been implemented in industry because of 
various fundamental problems, such as power dis- 
tribution, cost, performance and cooling. Cooling is 
particularly a problem in high performance t>ipolar 
packages wherein VLSI devices dissipate high 
amounts of power. For example, present day VLSI 
bipolar chips have power requirements in excess of 
20 wans per chip, and it is expected that these 



requirements will at least double within the next 10 
years. This kind of power output requites water 
cooling. Two methods of water cooling are de- 
scribed in the IBM TDB entitled. "Low Profile Ce- 
5 ramie Card Cooling Package". October 1985. by 
Fedoush et al and "Three Oirhensiorial MLC Sub- 
strate Integrated Circuit Support Package". April 
1978 also in the IBM TDB by Jarvela et al. 

A major reason for ceramic cards not being 
w implemented in indusliy is the inherent power distri 
button problem which ultimately leads to a package 
with inadequate switching capability and subse- 
quent performance reduction, thus making the 
package electrically unacceptable for use in mod- 
/5 ern day computer systems. As higher powered 
chips are used, arnf water cooling of tf^ type 
described in the above publications is required, 
physical restraints on the power distribution system 
are created. The power distribution problems of the 
70 ceramic cards described in the literature are most 
easily understood by referring to FIGS lA-10. The 
problems are basically related to the suucture of 
the ceramic card 2 wherein there are a limited 
number of input/output (I/O) positions on the edge 
?s connectors and a limited number of 10 pads 3 on 
the ceramic card for bringing power to arKf from 
subsequent levels of packaging to the ceramic 
card. In addition, the high wiring density required 
by the ceramic card and metallization used there- 
30 fore present power distribution problems. In FIGS. 
1A and tC the current path for a state of the art 
ceramic card is shown. The current path from the 
edge connector through I/O pads 3. through inter- 
nal MLC wiring layers, to each of the chips 4 on 
3S the surface of the ceramic card requires high cur- 
rent densities because of the limited number of I/O 
pads 3 available for power and the current crowd- 
ing due to not having power feed points in ck>se 
proximity to. the chips 4. Referring to FIGS 18 and 
40 10. the metal power planes 9 in present ceramic 
card packages have a relatively high resistance, i.e. 
approximately 5.5 mil ohms per square for molyb- 
denum or approximately 2 milK ohms per square 
for copper metal. TTiis is due in part to processing 
45 limitations in manufacturing of present ceramic 
cards, wherein metallization of power planes is 
accomplished by applying metal paste by screerv 
ing or other mearts that result in highly resistive 
conductors. When coupled with Ngh current den- 
so sities. this leads to DC voltage drops on the power 
planes 9 of the ceramic card package that are 
extremely high compared to sute of the art pack- 
aging structures such as multilayer ceramic mod- ' 
ules (I.e.. TCMs as described in U.S.- A 3.993.123). - 
The high current densities also' result from current 
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muil«p»ytng cn ihe power planes as shown in FIG. 
IB. As each chip 4 draws its current, the current 
drawn is added to whatever current is in series with 
it and the enuy point 10 pad 3 of the ceramic card 
2, which results m a high DC drop for devices on 
chips at the opposite end of the card ot the con- 
nector. In addition to the high DC resistance of the 
power distribution system, the effective inductance 
of the ceramic card package is high. Irujuctance is 
also high due to the limited number of high indue* 
tance paths for bringing the power to the ceramic 
card from the edge connectors as well as the 
distance required to travel on the internal ceramic 
card power planes to the chips. Moreover, any 
decoupling capacitors placed near the chips to 
enhance simultaneous switchir^ take a proportionr 
ately long lime to react because the LC constant, 
i.e. time cortstant, is corresponding high. The 1/0 
pad locatior; on the edge of the ceramic card are 
placed where they are because the pin and surface 
mount technology used for packaging multilayered 
ceramic modules does not allow one to take advan- 
tage of the three dimensions of packaging provided 
by ceramic cards, and the double sided mounting 
of chips is not possible witfK>ut an edge connector 
system. This leads to current traveling long dis- 
tances on the power planes, causing high resis- 
tance (i.e. DC drops) and inductance (adversely 
effecting simultaneous switching). 

On the system level, ceramic cards have many 
potential applications that wouki provide denser 
circuit packaging, (i.e.. see Dorler et al IEEE article, 
however ceramic cards wouW have their most com- 
mon usage in memory applicatiorts. For example, 
referrirtg to FIG. 2. in high end systems, a system 
mother tK)ard 32 typically has an area lor togic or 
logicmemory combination rruxJules 34 {i.e.. ther- 
mal conduction modules as described in U.S.- A 
3.993.123) and an area for memorf cards 38. The 
memory cards may typically be edge cormected 
cards (i.e.. see U.S.- A 3.312.878) having a plurality 
of hermetically packaged memory chips (i.e. Dual 
in line Packages (OIPs)) and at least one togic 
support chip for addressing and moving dau. FIG. 
2 represents a typical board 30 in which the ce- 
ramic card assembly of the present invention may 
be incorporated. The board typically has integrated 
circuit chip modules 32 and circuit cards 34. which 
typically have organic dielectric layers incorporated 
therein. In most applications, the circuit cards 34 
are used for packaging memory packages 36 
which typically are comprised of single chip mod- 
ules, most commonly DIP'S. However, even in 
memory applications, a certain number of logic 
support modules 37 lor addressing, data transfer, 
etc. are also required. These logic support modules 
37 have relatively high power and high input/output 
signal and power requirements, and are thus pack- 



aged in relatively complex and expensive ceramic 
module packages which typically require thermal 
enhancements between the chip and ceramic cap 
of the ceramic modules if the logic chips are to use 

s the majority of their circuits, which is required as 
circuit densities increase. For example, present day 
logic support chips dissipate greater than 20 watts 
of power when maximum circuitry is utilized, and 
this value is expected to approach 50 watts per 

10 chip as circuit densities increase. It woukl be ad- 
vantageous from both a cost and reliability stand- 
point to be able to eliminate ceramic packages 37 
and package the k)gic support chips and any re- 
quired internal thermal enharxrement directly on a 

fS ceramic card. In order to accomplish this, integral 
power distribution means and thermal management 
means are required. If ceramic cards coukl replace 
these memory cards, then a level of packaging is 
elimir>ated (i.e. DiP*s arxJ togic support chip mod- 

20 ules are no k)nger required sirKe memory chips 
aruj logic support chips are mounted directly to the 
ceramic card, then hermetically sealed as a group). 
In addition, the system density arKl performance is 
increased t>ecause the circuits are packaged ckDser 

25 to each other on the ceramic card because inter- 
mediate packages are eliminated. Also, fewer k)gic 
support chips are required in a ceramic card pack- 
age havir^ enhanced power distribution ar)d power 
dissipation capability because a greater number of 

00 Circuits on the support chips can be utilized if 
power dissipation is available because of enhanced 
cooling, (note that present day memory cards are 
air cooled). 

While system density and performaruie may be 

OS enhanced by utilizir^g a ceramic card package hav- 
ing enhar>ced power distribution and power dissipa- 
tion capability, it is also important that the ceramic 
card package be compatible vnth present day high 
erKj systems so that systems can be exterxied to 

•»o higher performance levels without maior design 
changes. Thus, if a system mother tx>ard such as 
that shown in FIG. 2 is to enhance its memory with 
ceramic cards, it is desirable to be able to simply 
unplug the existing cards and plug in the ceramic 

45 card package assembles. This extendibtlity is es- 
pecially important in view of the fact that the sys- 
tem mother tx>ards are very complex and exper>- 
sive and any steps that can extend the use of this 
proven high performance lechrKik)gy rather than 

so require a system level redesigning effort shoukf be 
taken. 

As integration levels maeased. demands for 
inputs/outputs (IrO) at the chip and package level 
also increase. Thus, the ceramic card package 
55 shoukl provide a greater number ol l/0't)etween 
the chips and ceramic card than Is possM be- 
tween chips and any state '61 the' art* cards; that 
chips and associated packagtng'Irnodules-O-A^ 
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DIPS, etc.) are attached to. 

In sum. prior art attempts at usirvg ceramic 
cards to take advantage of their inherent high den- 
sity, three dimensional packaging density, (i.e.. "A 
Ceramic Card Concept" by Oorler et al). have not $ 
been successfully used m industry because of 
power distribution and thermal management prob- 
lems that the prior art did not overcome. In particu- 
lar, simultaneous switching and corresponding per- 
formance was limited because of the relatively high to 
resistive and inductive path between power sour- 
ces, (i.e.. power planes incorporated in the mul- 
tilayered ceramic cards), and devices requiring the 
power. Primary contributors to the power distribu- 
tion problem were the high current density and ts 
corresponding current crowing on power planes as 
well as current multiplying in the package due to 
the location of and limited number of power 
input-output connections to both the ceramic card 
itself, and directly to the devices. Another reason 20 
was the metallization (i e.. typically screened metal 
paste) used m standard multilayered ceramic 
cards. 

Moreover a ceramic card package must be 
capable of simultaneously overcoming these power 75 
distribution problems while providing thermal man- 
agement for high powered (i.e.. 20-50 watts) logic 
chips, and having the ability to be compatible with 
subsequent levels of packagirtg that comprise the 
central processing unit of a computer system. oo 

Thus, there is a need in the art for a ceramic 
card having a high density of chips on either one 
or both sides of the ceramic card substrate, having 
an effective power distritHition system of low induc- 
tance and a low DC drop. This structure would thus JS 
allow for high simultaneous switchirig capability 
and for tow noise levels m the package. 

There is also a need for this system to have 
the capability of cooling more than 20 watts per 
chip. By having the k>w noise and high simulta- ^ 
neous switching as well as ample tt)ermal manage- 
ment, it is possible to package high density, high 
powered, high I'O VLSI chips in a high density 
three dimensional ceramic card package. 

There is a further need to enhance the density 45 
ar)d access to memory of a system without re- 
designing the basic system, and to extend present 
day VLSI systems to larger capacity and super- 
computer applications. 

The ceramic card package of the present in- $0 
vention can extend present day technotogy to meet 
increasing density and pertormarKe demands and 
can extend this technology into the realm of super- 
computers. The Bmitations of the prior art have 
been overcome by the present invention which 55 
successfully provides densely packaged circuitry, 
taking advantage of three dimensions (i.e.. X arxf Y 
Cartesian coordinates of the top surface of star^ 



dard multilayered ceramic modules and ite Z Car- 
tesian coordinate extending from the surface of a 
mother board, vertically to the r>ext structure). The 
present invention generally comprises a combina- 
tion ceramic card;flexible power distribution pack- 
age having enhanced thermal management capa- 
bility incorporated therein. The combination over- 
comes the limitations of the prior art. and accom- 
plishes the following objects. The comt)ination is 
described further fpllowtng the objects. 

It is an object of the present invention to pack- 
age high density, high powered, high I/O VLSI 
chips in a three dimensional ceramic card package. 

It is another object of the present invention to 
have a ceramic card package with a power distritxi- 
tion system havir^g a tow inductance and high 
simultaneous switchir^ capability. 

It is a further object of the invention for the 
power distribution structures to have a tow resis- 
tance, i.e. tow DC drop. 

It is a further object of the current invention to 
reduce current multiplying on the power planes and 
to match the power entry points to the ceramic 
card to the chip locations. 

Another object is to have chips mounted on 
both sides of the three dimensional ceramic card. 

Another object is to iricorporate decoupling ca- 
pacitors into the ceramic card package, and im- 
prove the perlormarKe capatMlity of those capaci- 
tors. 

It is yet another object to provide thermal man- 
agement so that high powered VLSI chips may be 
irKorporated into the package. 

A further object is to irxrease the system level 
memory capat>ility of high end computer systems 
and reduce the number of logic support chips arnl 
modules required. 

A further object is to extend present systems 
into the supercomputer realm. 

These ot>iects and other objects will t>ecome 
evident from the description of the preferred em- 
bodiments which are descht>ed t>riefly as follows: 

As best shown in FIG. 4. a flexibto power 
distribution structure is incorporated into the ce- 
ramic card package. The combination ceramic 
cardHexible power distribution package eliminates 
the above stated deficierKtes in the ceramk: card 
packaging structures, making ceramic cards viable 
alternatives for high density, high powered VLSI 
packaging. Each flexible power distribution struc-. 
ture 16 is comprised of a flexibto material 30. 
typically polyimide. having metal power planes, i.e. 
25. 26. 27. incorporated therein. These copper 
planes are typically in the order of 1 to 3 ounces of 
copper fi.e. ttie thickness per ounce of a layer of 
copper is approximately 1.4 mils), but rK>t limited 
thereto, and are much tower in resistance than 
MLC type power planes used in state of t^e^art 
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ceramic cards. Typically me difference in resis- 
tance is an orcer of magnitude because the 
screened metal used tn MLC technology cannot be 
made as thick or dense as the 1 to 3 ounce copper 
ptanes preferably used in the present invention. s 
This orcer of magnitude reduction of OC resistance 
allows for better current spreading on the power 
. planes of the improved ceramic card package, and 
also drastically reduces the current crowding prot> 
\em. There are a large number of conductive con- io 
nections 25A. 26A. 27 A incorporated into the flexi- 
ble power distribution structures. The conductive 
connections may t>e in many forms such as appen- 
dages extending from the power planes 25. 26» 27 
to the outside surface of the flexible power distribu- ;s 
tion structures, or as solder balls (see FIG. 6) that 
are attached to plated through holes in the flexible 
power distribution structures. The purpose of these 
connections is to bring power directly !c pcds 34 
that are spread over th^ flexible power distribution 20 
structure ceramic card interface, thus providing io- 
caliied power sources for each of the chips 12. 
The application of a flexible power distribution 
structure to the ceramic card provides multiple 
entry points of power to the ceramic card surface ?s 
rather than from the edge, reducing the current 
multiplying and thus a major portion of the effective 
resistance ar^ inductance of the ceramic card 
package. The lower current due to the decrease in 
current multiplying and the tow inductance leads to 30 
a much higher simultaneous switching capability 
than in present day ceramic card packages. In 
addition, when decoupling capacitors are used, 
they will fc>e more effective in the present ceramic 
card package because the time constant is re- 3S 
duced. The flexible power distribution structures 16 
are preferably irKorporated into an edge connector 
20 as shown in FIG. 5B. but may be compatible 
virtth many types of connections due to its flexibil- 
ity. The application of the flexible power distribution 40 
structures 16 alkms power to be delivered to both 
sides of ceramic card 10. thus making the mount- 
ir>g of chips on both sides of the card possible with 
the enhanced power disthtxition as described 
above, as well as providing many connection op- ^ 
tions between first and second level packages. The 
flexible power distribution structures also facilitate 
the coolir>g that is required by alk>wing cokf plates 
to be close to the heat toads, preferably in contact 
with the caps, in sum, multilayered ceramic ce- so 
ramie card proposals in the past. i.e. see FIG. 1. 
suffer from inherent power distribution problems 
and cooling problems, that have made such pro- 
posals very restricted in their application. The 
present invention combir>es ceramic card packages 55 
with an integral flexible p>ower distribution structure 
to enhance power distribution to the point where 
ceramic cards are a viable packaging alternative. 



Moreover, thermal management is provided to ex* 
lend this technology. Usir>g the present invention, 
the current densrty on the power planes embedded 
m the ceramic cards 10 is reduced by at least a 
factor of 2.5. This is primarily because the high 
corKfuctivity and low inductarKO of the flexible pow- 
er distribution structures surrounding tf>e power 
toads (i.e.. chips 12) on the ceramic card allow 
current to How into the chips from a multitude of 
directions. The bulk of the current to each chip is 
supplied by power contacts in close proximity to 
the corresponding power loads fi.e. chips). If any 
high current densities exists at ail. it is in the 
flexible power distribution structures which can 
handle such high densities witftout detrimental 
electrical effects. Moreover, the distarice travelled 
from any power plane to power consuming devices 
is typically reduced by at least a factor of 2. Thus, 
the present combination ceramic card flexible pow- 
er distribution structure package provides a power 
distribution system having low rx)ise ar)d tow pack- 
aging inductance that can adequately support the 
high speed and high power devices of the state of 
the art while providing the high density associated 
with the ceramic card concept which takes advan- 
tage of the X. Y and Z dimensions in space for 
packaging. The ceramic card also eliminates a 
level of packaging, and its mechanical properties 
allow for an assembly that can be cooled and 
easily assembled or repaired. In the present day of 
increasing packagirtg density and increasirtg VLSI 
chip speed, size and power, the use of ceramic 
cards having the power distributk>n arnl cooling 
capability described herein that can enharKe the 
overall performance of such chips and correspond- 
ing performarKe of VLSI systems is a positive 
advance in the art. 

The above arx) other objects and features of 
the invention will become apparent from the foltow- 
ing desaiption taken in conjunction with the ac- 
companying drawings, wherein: 

FIGS. 1A-0 schematically depict the power 
distribution problems associated with state of the 
art ceramic card packages. 

FIG. 2 depicts a card on tx>ard central pro- 
cessor containir^ plug in modules and edge con- 
nected cards. 

FIG. 3 is a front elevatioi^ view of a fiek) 
replaceable unit of 8 ceramic card assemblies of 
the present invention. 

FIG. 4 is a detail showing the combination of 
a portion of the ceramic card and a flexible power 
distribution structure. 

FIGS. SA-50 are the plan view, eievational 
view, broken away elevatior>al view detail, and 
t>roken away plan view detail, respectively, of a 
double sided chip mounted ceramic card assem- 
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FIG. 6 IS a front eievaitonat view of a pre* 
ferred connection between power contacts on the 
ceranr>ic card and conductive power planes in the 
flexible power distribution structure. 

FIG. 7 is a front elevational view showing the 
connection of ceramic in line packages to a ce- 
ramic card. 

FIG. 8 is a front elevational view of a ce- 
ramic card assembly having ceramic in-line pack- 
ages incorporated therein. 

FIG. 9 is a plan view of an uncapped ce- 
ramic card assembly having ceramic in-line pack- 
ages incorporated therein. 

FIG. 3 represents a typical FRU 40 (i.e.. field 
replaceable unit) of 8 ceramic card assemblies 1 1 
of the present invention. Each assembly 11 at FRU 
40 comprises a ceramic card 10 and associated 
flexible power distribution structure(s) 16 that are 
adapted to match the geometry of the ceramic card 
and connection to the next level of packaging. The 
combination of flexible power distribution structures 
'16 and ceramic card 10 forms a ceramic card 
assembly 1 1 . and a plurality of card assemblies 1 1 
and cold plates 42 forms a FRU. The FRU may 
replace the organic cards 38 shown in FIG. 2. 
however it is evident that the ceramic card assem- 
bly 11 of the present invention may be used in 
many system applications and tward configura- 
tions. Starting from the left. FRU 40 generally com- 
prises a cold plate 42. a first flexible power dis- 
tribution structure 16 (lo be described in greater 
detail hereinafter), a cap 18 which preferably con- 
tacts cokj plate 42 so that heat generated by 
devices on the ceramic card can be conducted to 
the cold plate, ceramic card 10 having chips di- 
rectly attached thereto, an optional secorxl cap 18 
and secorKj flexible power distrit)ution structure 16 
(used if double sided chip joining is used)! The 
structure then repeats starting with arK)thef cokJ 
plate 42. The edge connectors 20 shown in FIG. 3 
represent one of many means that may be used to 
connect a ceramic card assembly 11 of portion 
thereof to the next level of packaging. The applica- 
tion of the flexible power disuibution structure al- 
lows for a variety of connections to the next level of 
packaging while providir>g enharKed power dis- 
thtHition to the devices on cNps mounted on ce- 
ramic card 10. For example, in FIG. 3 flexible 
power distribution structures 16 provide power to 
the ceramic card 10 in a manner to overcome the 
power distribution problems of the prior art (details 
to follow) while the portions 17 of the flexible power 
distribution stnjctures that intedace with the next 
level of packagirig (i.e.. boatC) are bent and fit into 
edge connectors 20. The flexibility is required to 
form this bend or other required typ>e bends as will 
be described in the working examples to foikm. 
FIG. 4 represents a portion of or^ of the pre- 



ferred embodiments of a smgie ceramic card as- 
sembly 1 1 of the present, invention. The flexible 
power distribution structure 16 is compnsed of 
layers of a flexible dielectric rnaterial 30 having a 

s high dielectric constant, polyimide being preferred. 
Between the layers of flexible dielectric maienal 
are conductor layers, i.e. 25. 26. 27. These conduc- 
tor layers provide the required power for the semi- 
corKjuctor devices of chips mounted on the ce* 

ro ramie cards 10. In the present emt)odiment« three 
power levels are provided for bipolar devices 
mounted on the ceramic cards. Conductive layers 
25. 26, 27 may be solid metal, preferably one to 
three ourKe copper. This provides a much tower 

15 DC drop across power planes than screened metal 
of any k\n6 can provide in a staru5ard muttilayered 
ceramic (MLC) package. The difference in OC re- 
sistance is typically an order of magnitude t>ecduse 
the screened metal used in MLC substrates is not 

20 as thick or dense or conductive as the metal of the 
flexible power distribution structure, and thus has a 
higher resistance. This improvement in the power 
planes that are combined with the ceramic card 
creates improved current spreading on the power 

25 planes of the ceramic card package and also re- 
duces current crowding problems that are inherent 
in prior art ceramic card proposals. In memory 
applications, the devices requtrir>g the three levels 
of power provided by flexitile power distribution 

30 structures 16 typically are logic support chips 
which provide the required data transfers address- 
ing, etc. Input/output pads 24 are irKorporated on 
the surfaces of ceramic card 10 to provide k>- 
catized sources of power for semicorxluctor de- 

J5 vices on chips 12. Thus, the pads 24 provide 
multiple entry points for power that are kxrated 
close to the devices that require the power rather 
than at or>e edge of the ceramc card. The afore- 
mentioned power distribution problems are alle- 

40 vialed partly because the multiple power entry 
points reduce current multiplying and effective in- 
ductance. The power distribution is further en- 
hanced because the meUl used on layers 25. 26. 
27 provides for a relatively tow DC drop and k>w 

45 inductance as described above. There is tow elec- 
trical toss power distribution because of the re- 
duced OC drop arxl inductance in the path from 
power planes 25. 26. 27 to pads 24 to the powered 
devices on chips 12. The connection between pads 

50 24 and power planes 25. 26, 27 may be made by 
low inductance connecting means. In FIG. 4 appert- 
dages 25A. 26A, 27A from power planes 25. 26. 27 
respectively form this connection. In appKcations 
where the thermal coefficient of expansion between 

55 the ftoxible power distribution structure 16 and ce- 
ramic sut>strate are high, and there is a large 
temperature differeiKe between the ceramic and 
flexible power (fistribution structure, these apperi- 



Oages 25 A. 26A. 27A are preferably U shaped to 
minimize the stress appKed to the solder joint be- 
tween pads 24 and appendages 25A. 26A. 27A 
because of the thermal coeflioent of expansion 
mismatch ber«veen materials and high temperature 
difference. Other preferred connection means can 
be used for various applications wherein lowering 
•ncuciance is more important than matching ther- 
mal expansion coeKicients. ' 

The electrical advantages that this package 
provides leads to much higher simultaneous 
switching capat)iKty than in present day ceramic 
cards for the same chip technology, (i.e.. it permits 
switching of several circuits, typically off chip dri- 
vers, at the same time. For example, if the switch- 
ing current demand for each driver on the package 
is 10 mA. and the demand is for 10 drivers to 
switch simultaneously, the switching current wilt be 
200 mA.) Switching capability can be further in- 
creased if decoupling capacitors are incorporated 
into the flexible power distribution structure, caus- 
ing the effective inductance of the package to be 
further reduced because a pari of the switching 
current is supplied by the capacitors. 

Another advantage of using the flexible power 
distribution structure 16 in the ceramic card assem- 
bly is that it allows us to brir>g solid copper planes 
25. 26. 27 close to devices requiring the power 
while being flexible enough to bring power to both 
sides of the ceramic cards. The other ends of the 
flexible power distribution structures 17 are capable 
of either meeting at connector 20 as shown in FIG. 
3 or leading to another connection scheme for 
various types of packaging strategies to be ex- 
plained in detail hereinafter. 

By varying the thickness of polyimide layers 30 
and metal layers 25. 26. 27. or by adding a stiff- 
ener. (i.e.. typically a composite of an arimid fiber 
and polyimide matrix or copper irwar copper) the 
thermal coefficient of expansion (TCE) of the flexi- 
ble power distribution structure 16 can be made to 
substantially match the TCE of the ceramic ma- 
terial used to manufacture the ceramic card 10. 
Thus, a large temperature differertce will not cause 
high thermal stresses. This alk>ws appendages 
25A. 26A. 27A to be a different shape or may alk>w 
for their elimination altogether. 

Referring back to FIG. 3. the FRU 40 has 
numerous cold plates 42 which are reqvifwS for 
many applications. A k>w thermal reststarKe path 
between cokl plates 42 arxf caps 18 is required for 
heat to be transferred from chips 1 2 to the cold 
plates 42. Various means exist for accomplishing 
this such as keeping the ceramic caps and cold 
plates biased toward each other so that intimate 
contact exists, or by having a resilient material of 
higfi thermal conductivity between the caps arx) 
cold plates. The cold plates may be cooled by 



many means, including cooled air. water or refrig- 
erants. 

The FRU 40 made of a plurality of ceramic 
card assemblies 1 1 solves both the ix>wer distribu- 
s tion and cooling problems that have made prior' 
ceramic card proposals unacceptable for use in 
high performance VLSI systems in Ihe past. The 
combination of the ceramic card artd integral flexi- 
ble power distribution structure enhances power 

10 distribution to a point where current density on the 
power planes 25. 26. 27 is reduced by a factor of 
at least 2.5: white because of the location of pads 
24. the distance travelled from a power plane em- 
bedded in the ceramic cards to power consuming 

rs devices on the ceramic cards is reduced by at 
least a factor of 2. The invention provides low 
rx)ise. low inductance and high simultaneous 
switching capability that can support high speed 
devices required in current arK) future VLSI sys- 

20 terns, while also providing unprecedented density 
as wilt t>e descrit>ed in the working examples that 
follow. Thus, this three dimensional FRU 40 pro- 
vides high dertsity. along with high performance 
power distribution and thermal management in a 

25 single package. This also allows us to reduce pack- 
aging complexity arxJ cost because the modules 36 
mounted on organic cards 38 by soldering means, 
etc. in present state of the art systems as shown in 
FIG. 2 are not required since a plurality of chips 

oo are directly attached to ceramic cards and hermeti- 
cally sealed in the present invention. The maionty 
of modules 36 are DIP'S, but some are logic sup- 
port modules 37 which are relatively expensive. 
The elimination of these k)gic modules provides a 

js major cost and reliability savings on ir>e system 
level. Moreover, the nvmter of logic chips may be 
reduced t)ecause each chip can utilize more cir- 
cuits than in the past because the present package 
is capable of cooling the high heat toads that result 

40 from high circuit utilisation. Until the present inven- 
tion, it was not realistically possible to take advan- 
tage of the high density, reliabilily and cost savings 
possible with the ceramic card because of the 
inherent power distribution and thermal manage- 
rs ment problems of prior ceramic card packages. 
Solutions to such problems becorr>e more impor- 
tant as chip packaging densities and simultaneous 
switching requirements inaease. which increases 
thermal management and power distribution re- 

50 quirements respectively. 

The ceramic card assembly of Ihe present 
irvvention is adaptable to many systems because 
numerous cooling options arxf connection options 
to the r>ext level of packaging are possit)le using 

ss this invention. As stated above, connections be- 
tween the llexible power distribution means 16 and 
pads 24 on the ceramic card can t>e made by 
different means, depending on the application. For ' 
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example, if the difference in ihe TCE between the 
flexible power distribution system and tfie ceram»c 
card substrate is large, then the connections shown 
in FIG. 4. i.e.. appendages 25 . 26 . 27 may be 
used. If the difference in TCE and temperature s 
difference between the opposite facing sides of the 
ceramic card and flexible power distribution struc- 
ture are relatively small or if means to compensate 
lor the TCE differerKe such as stiffeners are used, 
then electrically efficient, low inductance connec- lo 
tions such as solder balls, see FIG. 6. are attached 
between pads 24 arxl plated through holes in the 
flexible power distribution means. The following 
working examples may be used for various applica- 
tions. The preferred application of the ceramic rs 
cards and flexible power distribution structure wilt 
be described in each example. 



EXAMPLE I: Double Sided Mounting of Chips 30 
FIGS. 4.5. 

Example I is the example shown partially in 
FIG. 4. FIGS. SA'SO show further detail of this 
ceramic card 10 having chips 12 mounted on both 2$ 
sides thereof. To facilitate the mounting of chips on 
both sides, pads 24 are mounted on both sides of 
the ceramic card around the periphery of the chips. 
Appendages 25A. 26A 27A contact pads 24. for- 
ming connections lo power planes 25. 26. 27 while 30 
allowing lor the double sided mounting of chips. 
The ceramic card assemblies 11 are assembled 
into a FRU 40 as shown in FIG. 3. and replace the 
organic cards 38 of board 42 shown in FIG, 2. For 
mcorporaiion into the tx>ard shown in FIG. 2. the 35 
dimensions of ceramic card 10 preferably are 
127.5mm wide by 127.5mm long. The thickness of 
the ceramic cards vanes with the number of layers 
used. In this example there are seventy-two 4 
Megabit memory cf^ps and three togic support 40 
chips on each side of ceramic card 10. Each flexi- 
ble power distribution structure 16 preferably has 
268 appendages 2SA 26A 27A to contact the 
inpol'output pads 24 on each side of the ceramic 
card 10. Each polyimide layer 30 of the present 4$ 
flexible power distribution structure is approximate- 
ly 1 to 3 mils thick, while each copper layer 25. 26. 
27 is approximately 1.4 to 4.2 mils thick. To facili- 
tate the double sided mounting of chips, ihe flexi- 
ble power distribution stnjctures are provided with 50 
a cut out portion or portions for the caps 18 of the 
ceramic cards 10 to fit through, providing a 
•window* wherein the chips 12 and cap 18 reside. 
Outside of the 'window* are pads 24 on the ce- 
ramic card and corresponding contacts, i.e.. 25A 55 
26A. 27A 00 the flexible power distribution struc- 
tures 16. 

After chips 12 are mounted on the ceramic 



card 10. they are hermetically sealed by caps 18 
which are preferabfy ceramic. Preferably, connec- 
tions from appendages 25A. 26A. 27A or other 
connection means such as. approximately 50 mil 
diameter solder balls attached to plated through 
holes in the flexible power distribution structures to 
pads 24. as shown in FIG. 6 are then formed and 
the two ends of the flexible power distribution 
structures are joined at connector 20 to connect to 
the next level of packaging. Decoupling capacitors 
15 (see FIG. 5A) may be incorporated to further 
enhance simultaneous switching capability if nec- 
essary. 

With the chips and card sizes specified above, 
each ceramic card 10 provides 64 Megabytes of 
memory and the associated support togic. To prop- 
erly address memory chips and transfer data, six 
togic support chips are required (note that this is 
opposed to eleven similar k>gic modules ttiat are 
required on an organic card because those mod- 
ules cannot utilize all of their circuitry primarily 
because of cooling, limitations. Usirig the ceramic 
card assembles of the present invention, the k)gic 
support modules 37 required for starxfard pack- 
dQing. i.e.. organic cards as shown in FIG. 2. are 
eliminated as well as OIPs 36. Besides eliminating 
modules and increasing density, electrical perlor- 
marKe is enhanced t^ecause the pins of modules 
36. 37 are no longer required, thus the inductive 
and resistive drops associated with the pms are 
eliminated and the exchange of electrical signals 
between the memory and k>gic chips is carried out 
by shorter, direct paths, without going through inter 
package discontinuities which typically add signifi- 
cantly to delay. Decoupling capacitors may be in- 
corporated into the ceramic card in those applica- 
tions where simultaneous switching capability must 
be further enharKed. The overall electrical perlor- 
marKe of the ceramic card assembly of this exam- 
ple is enhanced sirKe current density on the em- 
t>edded power planes of the ceramic cards is re- 
duced bringing down noise levels and inductance 
therefore improving simultaneous swttchir>g capa- 
bility. 

Note that in alternate versions, flexible power 
straps may be interspersed between the chips in- 
stead of around a window frame so that the power 
is brought ck}se to the chips as required. 



EXAMPLE II: (Single Sided Mounting Of Chips) 

This example has chips mounted on only one 
side of ceramic card 10. arxf the flexible power 
distribution structure is mounted on the complete 
back side of ceramic card 10. The dimensions of 
ceramic card 10 and the flexible power distribution 
structure 16 are approximately. Jhe same as 
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Example I. Using the same chips as in Example I. 
each ceramic card provides 32 Megabytes oi 
memory. This embodimeni would be used when it 
is critical to bring power from ihe flexible power 
disinbuiion structure directly to tabs on the ceramic 
card that are located in close proximity to the chip 
power to. that require Ihe specific power. The 
density of the ceramic card assembly of this exam- 
ple IS approximately one half ol that of Example I 
however pov^r distribution may be enhanced' be- 
cause povifer may be brought directly from the 
flexible power distribution structure into very close 
proximity of the power loads. 



EXAMPLE III: Ceramic Cards Having Ceramic In- 
line Packages 

This embodiment is best shown in FIGS. 7-9. It 
is known in the art to utilize SIPS (serial or single in 
line packages which are subassemblies with mod- 
ules or chips attached thereto, the subassemblies 
are in turn attached to cards) mounted on ca/ds to 
increase packaging density. Modules or chips are 
typically soldered to the SIPS and the SIPS are 
typically soldered to the cards, i.e.. see U. S. 
Patent No. 4.656.605. In the present example, di- 
rect chip attach technok)gy is used to attach chips 
lo ceramic subassemblies, and the ceramic subas- 
semblies are then mounted to ceramic cards, fur- 
ther increasirtg density. The combination of a ce- 
ramic subassembly having edge connection tabs 
56 (see FIG. 8) for connection to the ceramic cards 
and directly attached chips is herein termed as a 
Ceramic In Line Package. 

Ceramic in line packages (CIP's) 50 are at- 
tached to ceramic cards 10 as shown in FIGS. 7 
and 8. The CIP's have chips 12 directly attached lo 
ceramic strips 5t and CIP input/output labs 56 
attach each CIP at the ceramic card laCIP 50 
interface. This embodiment demonstrates how the 
concepts of the present invention dramatically ir»-. 
crease the density of packaging in a system. As in 
examples 1 and 11. the nexibility provided by flexible 
power distribution structure 16 allows for compati- 
btlity with the next level of packaging. The density 
of each ceramic card assembly is at least quadru- 
pled per card in this embodiment over Example I 
by incorporating ceramic in line packages (i.e. 
CIPS) into the ceramic card assembly. However, on 
a system level, i.e. FRU. etc. the density is ap- 
proximately one half of that on a card level be- 
cause of the space occupied by the FRU of this 
emtxxJiment. Each ceramic card 10 incorporates a 
plurality of CIPS to increase packaging density. As 
shown in FIG. 8. CIP's are bonded to the ceramic 
card 10. preferably by soWer balls 56. Each CIP 
has chips 12 directly mounted thereto, preferably 



by sokJer balls 54. To enhance the cooling of chips 
12. an internal therrhal enhancement 57. such as 
thermal grease, may be applied between the ends 
of the chips and the ceramic cap. The ceramic 
s caps are placed in contact with cold plates to 
complete the thermal path from chips to cold plate. 
Usir)g the same flexible power distribution structure 
as in Example I to facilitate double sided mounting 
of CIP's. and the same memory and logic support 

10 chips, the memory density of each ceramic card 
assembly is quadrupled. Using CIP's having 12 
chips per CIP, there are 288 4 Megabyte memory 
chips and 6 k)gic support chips on each side of 
cerarruc card 10. 

»5 After chips 12 are mounted on CIP*$ 50. they 

are attached to ceramic card lO, and hermetically 
sealed as shown in FIG. 8. Ceramic card assem- 
blies 11A require more lateral space than ceramic 
card as&ombltes 1 1 of Examples I arnj II because 

20 CIP's 5t extend the lateral dimensions hirther than 
standard chips. The flexibility of the nexiWe power 
distribution structures 16 is critical to irKorporating 
ceramic card assemblies 11A into an existing com-^ 
puter system. For example, four ceramic card as- 

25 semblies UA. each being configured as described 
herein and shown in FIG. 9 can be placed into the 
area of t)oard 32 occupied by the 8 organic cards 
38 shown in FIG. 2. Each flexible power distribution 
structure 16 is flexed into an edge connector 20 on 

20 the board 32. The flexibility allows this design to be 
iricorporated into boards of other configurations 
also. 

FIG. 9 shows a plan view of the ceramic card 
assembly llA of this example with the caps re- 
35 moved. There are 6 togic support chips 13. 24 
capacitors 1 5. 24 CIP's 50 and 288 memory chips 
12 per side. Power tabs 24 are around Ihe perim- 
eter of the area that is to be hermetically sealed. 
Each ceramic card 10 provides 256 Megabytes of 
40 memory, and requires 12 logic support chips. Note 
that 44 togic support modules are required for an 
equivalent numt>er of memory chips in the state of 
the art organic card approach shown in FIG. 2. 
Thus, in addition to eliminating the nee6 for irxlivid- 
4S uat memory modules arx) k>gic support modules, 
the number of logic support chips that are required 
is reduced. This is because the memory chips are 
densely packed and partly because the togic sup- 
port chips 13 can utilize a greater number of cir- 
50 cuits than in present day systems, tjogic support 
chips presently canrK)t fully utilize their circuits 
because the resultant chip power woM be too 
high, and the chip jurKtion temperature woukJ be 
exceeded causing system failure. Since this ce- 
ss ramie card assemt)ly has ample cooling capability, 
the k)gic support chips rnay be used more effi- 
ciently. Four of the ceramic card assemblies 11A 
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shown in PIG. 9 and described herem provide t 
Gigabyte oi memory. This is fpur times that which 
IS possible with the present organic card approach 
in the same system confines. 

EXAMPLE IV: Supercomputer 

Supercomputers for the most part require lower 
Chip junction temperatures (Tj) than state of the art 
system architecture due to high performance 
(MlPs. fast cycle times, etc.) requirements. CiP's 
can be utilized to form a supercomputer. The CtP's 
50 are attached to ceramic cards 10 in the same 
manner as shown in FIGS. 7-9. and flexible power 
distribution structures brings power to tabs on the 
ceramic card surface in the same manner as any of 
the previous examples. The flexibility allows one to 
simultaneously connect each ceramic card assem- 
bly to the next level of packaging in the system, 
white uncapped ceramic cards containir^g chips 12 
and CiP's 50 are placed into a carrier which con- 
tains a refrigerant, liquid nitrogen, or other low 
temperature fluid required for super computer ap- 
plications. To provide high density memory in a 
supercomputer CPU. ceramic card assemblies as 
shown in FIG. 8 may be used. In particular, to 
supply 2 Gigabytes of menwry. each assembly 
1 1 A incorporates 8 ClP*s having 18 by 4 Megabyte 
memory chips per CIP mounted on each side of a 
ceramic card 10. providing a total of 144 by 4 
Megabit memory chips and 32 logic support chips. 
The required jurKtion temperatures of these mem- 
ory chips is substantially lower than the iunction 
temperatures required lor similar chips in conven- 
tional systems, i.e.. at least approximately 30-60* C 
lower. To achieve this, the ceramic card assem- 
blies are placed into a refrigerant or liquid nitrogen. 
For example, the typical operating junction tem- 
peratures of the 4 Megabit chips used in Example I 
is between approximately 80 'C and 100* C. The 
preferred operating junction for the same chips in a 
supercomputer application is between approximate- 
ly 30 C and 40 ' C. The present invention provides 
the flexibility and density to facilitate such low 
temperature supercomputer applications. 

The workir^g examples using the aspects of the 
present invention provide denser electrically supe- 
rior, more reliable packages, particularly for mem- 
ory applications. Alt examples have been designed 
with present day semiconductor technology and 
the performance specified corresponds to the par- 
ticular chip technology used. As semiconductor 
circuit density arul complexity and chip powers 
iricrease. which is the industry trend, the integral 
thermal management, efficient power disthtHition. 
and llexibtltty of the present invenuon for high 
density, three dimensional packages will be of even 



greater importance. 

Although the present invention has been fully 
described with reference to several preferred em- 
bodirrients. many modifications arKl variations 
5 thereof will now be apparent to those skilled m the 
art, and the scope of the present invention is there- 
fore to be limited not by the details of the preferred 
embodiments described above, but only by the 
terms of the appended claims. 

to 

Claims 

1. A packaging structure comprisirtg: 

rs a muttilayered ceramic card having a pturaiity 

of chip sites arxj power contacts thereon: 

at least one integral flexible power distribution 
structure adapted for providing k>w electrical loss 
povirer distribution to said power contacts of said 

20 ceramic card, said structure being charactenzed in 
that: 

said flexible power distribution structures 
comprising a composite oi alternating insulation 
and coTKluctive layers extending substantially ad|a- 
25 cent to at least one of the areas of said ceramic 
card having said power contacts thereon, wherein 
portions of said conductive layers are selectively 
exposed to correspondiiig power contacts on said 
ceramic card: 

30 connecting means conr>ects said flexible 

power distribution structures to a subsequent level 
of packagirig. . 

2. The packaging structure of Claim i wherem 
there are a pkiraKty of power contacts on each 

35 outer surface of said ceramic card. 

3. The packaging structure of Claim t or 2 
wherein there are two of said composites of al- 
tematir)g insulation and conductive layers for each 
ceramic card, wherein portions of said cornjuctive 

40 layers of one composite are selectively exposed to 
corresporxfing power contacts on or^ side of said 
ceramic card, and wherein portions of said cotkJuc- 
b've layers off the second composite are selectively 
exposed to corresponding power contacts on the 

45 other side of other side off said ceramic card. 

4. The packaging structure of Claim 3 wtierein 
said two off said composites of alternating insulation 
and corxluctive layers are joined together at said 
mear^ for connecting said conductive tabs to a 

50 subsequent level of packaging. 

5. The packagirtg structure according to any- 
one of the preceding Claims wherein portions of 
each of said corx)uctive layers are selectively ex- 
posed to corresporxfing power contacts on said 

35 ceramic card by shaped appendages which exterxl 
from said conductive layers. .^.n- - . - : j ' 
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6. The oackaging structure according to any 
one of CSaims i through 4 virherein portions of each 
of said conouctrve tayers are selectively exposed 
to corresponding power contacts on said ceramic 
card Dy solder balls which extend from said power s 
contacts to said conductive layers via plated 
through holes. 

7. The packaging structure according to any- 
one of the preceding Claims wherein said chip 
sites are directly exposed to an ambient having a to 
low enough temperature such that the junction tem- 
perature of chips mounted on said chip sites is less 
than approximately 50* C. 

8. The packaging structure of Claim 7 wherein 
said ambient is liquid nitrogen. t$ 

9. A packaging structure comprising: 

a multilayered ceramic card having a plurality 
of chip sites and power contacts thereon and pow- 
er planes embedded therein, said power cofttacts 
being airranged in close proximity to said chip 20 
sites: 

at least one integral flexible power distrit)ution 
structure: 

said flexible power distribution structures 
comprising a composite of alternating insulation 2s 
and conductive layers extending substantially adja* 
cent to at least one of the areas of said ceramic 
card having said power contacts thereon, wherein 
ponions of each of said conductive layers are ex- 
(X}$ed to corresponding power contacts so that the 30 
current density of said power planes emt>edded in 
said ceramic card is at least two limes less than 
the current density of power planes on an edge 
connected ceramic card. 

10. The packaging structure according to any- 35 
one of the preceding Claims wherein at least a 
plurality of said chip sites on said ceramic card are 
covered by a cap, further comprising cokl plates 
wherein said outer cap surfaces and outer cold 

j^late surfaces are biased towards each other. arnJ m> 
wherein a resilient material of high thermal con* 
ductivity is placed between said cold plate and said 
cap. 

11. The packaging structure according to any- 
one of the preceding Claims wherein said power 45 
contacts at least surround the area occupied by 
said chip sites, and wherein at least one aperture 
exists in said composite of alternatir>g insulation 

and conductive layers so that at least the areas of 
said ceramic card having chip sites thereon are so 
positioned within the boundaries of said aperture. 

12. The packaging structure of Claim 10 or 11 
wherein there are a plurality of ceramic cards hav- 
ing said power distribution suuctures incorporated 
therein and said caps thereon, and a plurality of ss 
cold plates interspersed between every two oppo- 
sitely facing caps, forming a Held replaceable unit 



13. The packaging structure according to any- 
one of the preceding Claims further compnsing 
edge connected ceramic inline packages connect- 
ed thereto. 
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